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(54) FERROMAGNETIC TUNNEL JOINED ELEMENT, 
REPRODUCTION HEAD AND RECORDING AND 
REPRODUCING SYSTEM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a ferromagnetic 
tunnel joined head that enhances yield examined from 
reproduction output in a ferromagnetic tunnel head. 

SOLUTION: In a shield type magnetoresistance effect 
element using a tunnel joined element consisting 
essentially of a free layer 6, a barrier layer 5 and a 
fixed layer 4 as a magnetoresistance effect element, the 
uppermost and lowest layers of the tunnel joined element 
are made different from each other in pattern shape and 
the pattern area of the uppermost layer is made smaller. 
In order to form the layers, an element working step in 
the patterning of a tunnel joined film part is finished 
before the lowest layer of the tunnel joined film is 
completely patterned. 
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2 ] sis b >**m&m*Mf&-tzm<nm& 
[»*JB3] i^hy^s^, 7y-i, /<y 

Mx*a^iitT*nfc t<D^fc 4: -raw** 

-frKW*^^ — WK-T SBRco5B^OX«t3a«r, h 
-MR**/** — Vfk"** S«co*^DX*a3®«:, ^y7f 

So 



[W*Jgi i] ^TOM^tT7y-i//<y 
**fli«*^#— wk-fs»o*^jDx«ka*, /<y7 

So 

i 3 ] 1 75 s 7 (Dfsrn^(cis«o^ 

[0 0 0 1 ] 
[0 0 0 2 ] 

[t***>Sfff] tt*aHfCr4, (MR) -ir^i^ 

(oM^2S{:tfc«ir^ts, M^te^^ffi*t (a 

MR) 3&JM£g-5^THifM-6o 

[0 0 0 3 ] AMRMoj; Oftbv^RMW:, D . A. 

h M.T'yis (Thomp s on) ^C0f^3t "Memory, St 
orage , and Related Applications" IEEE Trans, on M 
ag. MAG-1L , p. 1039 (1975) (CfcbTl^ -5 C AMRM^: 



2 



^Sl*D3W**i: bT, FeMn, NiMn, — j/^r^Kft: 

[0 0 0 4 ] SfeWftiSKttu aJB«**v-9-^«tt3E 

ro«««ttSb»a, rB*«*«ttSM6j * 

I0005] r^s^MR-tr^T-is, #«ttJB"C»« 
ro«ft*i^BBoft«o*ttJcifc«ur«-ft:i-So 1 9 8 

8¥6fl«C«jfe*±«$ilT^S»BIsp2 - 6 15 7 2 

[0006] «Ji*a^««-5riBa»»i: ±fsej 

ItlTF eMnMST*)5: £ ti^fflTF £ tlX I 

1 9 9 0^1 2M 11 Btc«5fe*^»$nri>s, 

ffl¥4- 3 5 8 3 1 0Cil ^W£&JHft<Oft0tJllC 

s:sfu 2 o w^aai4<*s r wg*t^ 2 o 

[0 0 0 7 1 -^ 1 9 9 0f 8^ 2 2 0{Cffil^tir 
1^5, 4#M^4- 1 0 3 0 1 4*^«Uc|3, itatefcffi 

«iftU:o^Ttt:, 1 9 9 6flU270CKi±?l 

Siin^, 0-16232 7-^«Kisat# 

[0008] X, tttttt hV'*^** ^1z.n$i^y 

WiStCO^Tia, 1 9 9 6^11^ 2 7 0 

s*i/o*s, »i?i 0-16232 7#4**ucisa*a* 

[0 0 0 9 ] 



1 6 2 3 2 7#^«iclE«SJxr^stt*o3li«tt hy 

[0 0 10] fcr%3ft4, Mtth^i^it^y^ 

*«j*-r5«-JB<7>5*>, ^y rig £ "9T*H£<£«-rsE 
£^ y y^t5SM4t^Bftf^yri^it^ 

0, 7y-Ji^.a36»fc^*»LrL*5-Bni6tt3&«fc 

<5 o 

[0011] mffe-rz k&,m\*'< y rasrta^Ay^wtt 

a&T/h£fc«i:fc5 D *K»ctt^ycom**^J:!3, fc 

[0 0 12] tOl, »B¥l 0-1 0 3 0 1 4^$& 
Mffl¥l 0-1 6 2 3 2 6^i{Cil »/^7^ 

< , X^ffl^P 9 - 1 6 9 1 8 W 

rw«snrttt^53&«, /<y7iOTcnui^t) 

[0 0 13] ^oT, B WIS, JilBUfctt*ft 

[0014] 

IS, '>4<it>7!/-i, /<y7l, BSJ|(0#J|3dtfl| 
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[0015] 

[0 0 16] rcoj: 5*«fi»^3t*tt h ^/MB-frSHF- 
lessen*, *^»j«oR»cfiffo*iS s y 

®co^ y ymiiT^^ £ h\z^<DT^m&^ y 

y — JB£H£JB£^**oSB£«|*HU ^y 

[0017] lyis^ y >^4r^<y r«<z>*m^»6 

afit^i^^ y ^mc^n^oTt), ^o^y>- 
^iwft^titf^ y < t? * x. ^ r t 

[0018] 

thy v -me , /<yrg5, B£Jl4a<8-Jld*fiJi3 

[0019] J^Ttc, *«W«-«S^K3S«tt h 
«*^HLrHffi*r#B8UftdSb»J|BHcRW-#-6. BP 



[0020] Mtc, #AfttWfc:*H^Ttt, SttttKtt h 
^>/^l2 0ii yv-me, /<yri5, 

4 <D*jg#stR«Bffj&»&*T 7 y y Til/ 

[ 0 0 2 1 ] ri(D*^;r-i^, I«4 0J:iCTv'-^Kl 
S3J:WT««Ji2 3ftiaiJI**tS. ^(^±^7 y-Ji6*5 

r*m 7 (omn^ft^, m&m4/m7£-fz>m3/ 

fig 9 «>fe*«ctti6*ji3a«ia«sn«. 
[0022] 

*^aDx«a, rots y ^aawu ^i^@^-r^ii3 
^t/@^ii4o^:T^^ y y^ftiLfcfcot*^ a 

t^fci\, Sot, ^ttSitttt h>*^«^K2 0 12^ 

sfiaoT, iftisi 4 ^ s«7 y 6 i: 

[0 0 2 3 ]**M'jT-ll S6>MOi|Cj:ti9j3 

•tvjt^-^KJii otfauisfts. T»Ji/H5£-rs 
S3/i^i4/^y t«5/:7 y-Ji6<o«p»^9it« 

9^bi^tsi3, i^i4, /<yrg5, ;?y-/i 
[0 0 2 4] ^^(^, W:/<4T*m 7 tt«ato«n*^ 

[0 0 2 5 ] T^^Kl±lcTi«2 
^Sl, iti 9 K l o *9i 

fcWc_b«*9 ^ Kl Ot^rfli-^-Y ^^gi b 

KUT*«2, Ji«« 9 Kl 0 *r*JHfc-*- 

s^i:t>r*#So rmmm2 17 v -me t<D 

IBfcttT«Ji«:, @^i-Sii3^*j*-r^^?i^tt^<ir 
[0 0 2 6 ] **WJc»WS^tt h ^/MK-MISrWia 

^rur, /<^-wiiti#5*^flix«k3i**ffsnfct> 

^oTW<, J:t?*#W(-tt, Stth^m* 
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r , - wise** 5 *-¥-mx*aa3&4*fT £ ftfc t <dx~ 

[o o 2 7 J «s*-T-ioxa3io«i<DAflc«4: urii, 
«*.«, ai£ h^*/HK*il«r«rti-*#ji«)rt, at* 

#co^{c*j-LT. — WfcCfl* 5 K^JDXftas&siSSfif 

[0 0 2 8 ] #3893Cfl*«5 3IHKtt= 

^cofS 2 ©AttMfco^TH 2 «r#HR Ufca* bRRt 

tt, 0 2 (OTfy^ KI-fe^tairAB SBCWtC 

[0 0 2 9 ] It, ^coJbCHco J: 5 Ec^ — yftS 

Wft'-W 7*JI 7 <Z>IWO«|5#l;L, /<!/7|5/l 
^l4/@^f6l3/J:fSI ^qMSJu 

Attffll c a a * — wis c S * -T- JO x*a 
a. bp*>s y v^iaais, a«B3£-t-£Ji 3Rtj<@5£Ji 

[oo3o] tor, attstattt h^/u«-fr«2 owe 

a&;7 »-Ji6^b»«ttojn^«*^ji*bra* 
✓<y rm 5 5ssni^< 

[0 0 3 1 ] «M'JM^Tt), B^LTt^fc^Ttt 

■ istss 3/1^1 4//^ y 7i 5/7 y 

'J7B5, 7!1- JS6S:iIiSU T^SI 2 bffitl 

[0032] «/<^7^|7iiiij|offin*(: 
884t5^^:ttfti\ Sfc, »/^7^fl7li7y-« 

6 Jics&aiisnTv^ooT-, t^^r^i^y 

»t»^6: b\z.£V , Mih^/^ilrty^ 
[0033] T^FiicTii^Sii 



£ 0 Tlil^: ^ y — *£OfflHttT»Ji*Rtf S£ £ 

3 oAftWCot^r H 3 «r#RR Ltta* fcRfH-fi. 
[0 0 3 4 ] HP*b. *»»^j»«tSJB3tz>AffWo«* 
iltil B3l:*t^- KltytS^rAB SBC 

4 0±|CT^^K1, T^t2, @^-TS;iT-£>5^ 

a«i3, HS*4*3j:^y rig 5 n- 

/<>T7^I 7j&**<z>««j&*:7 y-i!6{c:^i-5J: 5CBE 
[0 0 3 5 ] £ bCJt^ifflSCtt _L««S 9 *5 J:W-h'> 

t5l3/BSl4//^7l 5/7y-i6 fc>«B#j&* 

li±»b7D-i6, /^/15, 1^84, 

-rs/i 3 srjflWcasBu Ti#i2^^sns 0 
[0036] ii&'Htxm lyti&mms.'tex.xj 

'< y r a 5 c J: t» 4 ^t^i 

fc, »/M7^iii7y-iic«Lr^5o^, ^toft 
/<>rr^tt7y-Ji«c+»siJn*ix*ni:Cfts. ltc 

[0 0 3 7 ] **«e«"t?Wt, T'>-^ K±CT««*« 

*«l:»^tiiaitt h 9^7y -S<z> 

7 y -s^/^ - wb^nr ^titf J; < , ^k,£xt<d% 
&\*bz3-x-/<?-i'fc^zii>\$m^mn+zzbfr^ 

[0038] ot^ **#«c»^r«:, aig^y- 
ii e w^c^ir, MDMir^s^y v^i^ 
^tr-r^^or-^^ , att^ y ri 5^u ? ais@^/i4 
j*, ;yy^i^ff^^tw, M&y v —me bm 
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^rtt, Stt7y-i6^-wk(ofto5 y 
^^Sitr*s«? ^^/< y 5 £@^/i4 y 
v^M3i^§:<trv^^i^60"T?, *JJi<z>7 y — jb 6<z>^ 

<5 o 

[0039] *A«c««c*t^rtt, i^iaotii si 
i\ i^yriso- ««:im shims y y/^i 

[0 0 4 0 J BP%, *»W^3»tt5JB4«>*t)cWo«fiK 
^LTI4, i 4 (C/Tf HI t V f ^^r A B S 

5S!iflM4«3, Htf«4i3J:0 5 /<yrJi5 3&««*aJB 
£*i£ 0 *r<z>JbfcEl4 coj; 5 — WfcStifc:? y- 
g6&8«-r£ 0 SK^y-Jg6cofe*-{cttK^«ijK^ 
-f r *Jg 7 a**0>«»2&*:7 y -if 6 KSTTS J: 5 MK« 

[0 0 4 1 ] $b{c^rO±a5{c^±m«IS9*5i:TJ ? ±^ 

ft»*tttf Sii«TiM©J:lc»«Sft5atti3et 
51 3/1^14//^ y7l5/7y-i6 (7>a55>^3* 
tl4hy*;^B2 0f*5. ^coflliStM*, (KM 12 

Iii9?5^7y-i6, ^y7|5, @5£JI4. 

[0 0 4 2 ] Z<D», 8«/<'f7^l7fi|feSI^ 
arc* «j*©«Jx*lcBB*-r6rfcH:ttir^ H6'< 

^r^l7^7y-i6^strt^(7)T% 

z% %h t wm-r h z. t &m±-tz>z. t &x 

[0 0 4 3] **flc«tc»l>rttt, T^^FlllcT 

wm 2 *mm u 9 f 1 0 &mm l 

[0044] miz.*Mci*m\z.m^x\*, rmmm zty 
y-ie t<Dm\z.\tTifos&. RjtatttJi-cfcs^y- 
16 £_hm^/i9 ^^pfljdttiWji^Kij-sr^ t-c* 



S y V^ISrSltTfc 9 ^1*^ y 71 5 <h 

±g(?)7y-i6o/^-^^> +rasco^yrs 

[0 0 4 5 ] Kte*Aft«fc*^Trat, h V^A- 

CO^Tf Ltfl^ 4>ft< H7y — 3 

i-saM33:i:3im-sc£2^# s e #cic 

S3£«tt h ^/^^?Of5 0>A#MKol^TB 5 
Sr#H8Lfca* iblftej-f So 
[0 0 4 6 ] HPfe, *»W-^J»«tSjB5<0*flc««>«* 

Si»illl:J;0, MStiS^^^a^hn-zi, 

[0 0 4 7 ] 7'J — /§ 6 *>£*Mtt*6»JB 8 3&*ffi«S*l 
Tt^So $ fcM*Ojn«fc:ttJb««Ji 9 3o J;U<_iiv— A 

3/ifl4//<y 715/7'J -Ji6<Z>«^»l«tt 
d^^W7^!7, Mlilll, 7y-i6, 

yrgs, @^ig4, bs+sji 3«rjiB#caiiffiu 

<dx, nffi<nffitij?izmM--tz>z.ttete\<\ &tz, fflf< 
-(7^17 nftwmmm 1 i^tt7y-i6 ic^ l 

So 

[0 0 4 9 ] ^oT, *AffWtC«S^tt*ifiSrffi^S 
A,^i«ixS^^^, 7 y— JiKHft^-YT^SrS-feA/fcHl 
tt, T^-^Kl±icT^i2l:SSt, ±m®9±{c 

[0 0 5 0] T^KiTil. 
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±^mzmrtz>^t hx$z> 0 rxttmizmmte 

x, ^a^j^^tis, m&m^JTxmi . 
mm i i&xf? y -I6^^-wm<7) y 
m&$:VT3s*)m&/< vrms trnizmi t nmm^ y 

[0051] r. c-?i33fi«te h v^a-S^SIgd 5 
r-f^tt)lt\ ^f£^y t/isgd— y 

[0 0 5 2 ] r^T'lS, t/U7^W^LtJ:^bI, 
£rffli^<5r t^T^So SP^, Uli ~@ 1 7 ospffiH 

[0 0 5 3] Wi«, 0 7{£J»tt5E«A<D«$#|;i, > 
Sr^U XKSBtt, *ffilc*6RJi8aq££U ^<7>T 
t/Tv— /i- KJi i^c(7>j®(c*i^-^L^btir^^^^ 
**ffi^Jb^-/^ KJi 1 or«^n^^^ 

©TlcJ:««i9, *6Jg«8, /<!)7g5, 7y-f 

6, ^/<^r^®7, T««i2jit^T^— KJi 1 

[0 0 5 4 ] x. &i&r>\Z, **ffi^Jb^-^ KB 1 0 
•C«fi»**iTt^Si:ia#Jc*OT^±«*ji 9, 
5Ji3, @^JI4, ^yrjis, 7y-g6, Tti2 

XVT^-^ KJi l &Z.<DM\zm%HtLitob*iX^Z>V' 
**ffi3ft«±s/— KJi 1 or-M^ri^^Nfl:^ 

Ji5, 7^-16, Tti2^Tv'-^Kjil^r(7) 

[0 0 5 5 ] X. K*F{C»t>Ttt, ^ 
KIl 0-C«rit**iri^SI:IB*(c*OTfci±««Ji 

9, i6jftj|8, #«ttJi*»btta/<yrJi5, yv-m 



6 , Tti 2 RrJTi/-^ KJi 1 ^ c (7>Jil(cit^^ b*i> 
1 1 co^ix^tt^^j/ K^ofllifi^H-fS^PffiHfel^W^ 

«T#flR**tfc^o 

[0 0 5 6 ] *»W^«S3il«i4 h^/M***^ 0 

r7i/-i//<y7i/i^i^i*i^^ts h>>* 

■ OJi*-t?ttfTfcfti^«^«lja*nr^SMl«tt h 

it7 y -m/'< y rmxm^m^m^m^t 

h ^;^Mffi^fcv'-^ KM3*flStt h 

B».^*^JDx&3a*r, ^yrJio*jias<z>ji3&>b*fT 

U *Ji95*U<fi*TJi^>5*>^^ N -rn^Jit ft ^r*^ 

[0 0 5 7 ] hv*yM*fr* 
RO»KJiic»«t««EJh«ffiW:, ^&m<v&£J?fa<Di5: 

«jast»*jR£ it7 y-Jie/^y TJi5/H*Ji4 

«rS*«^S:i:"*-S h^«M2 0S:fflt>t^;u K 
*L^<7>T«5(cffiS-rsJi^*±«B3&^*T»^ 5 *b<7) 
[0058] 

^«Jft*jSfe^»^rW:, fi«B«JI(c9fttt1£Ji/#m 
ttJi/!i*ttJi<0 3JiJR*a5*fllfil£fct-SJBI*:ffiv^ar: 

hi, ±BLfe#ifitfcJ; 9M$iiSIXfitt 

[0 0 5 9 ] 5BUOft«* LTIi, 
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[0 0 6 0 ] &T\z*:*i j eti'<oM&<z>Wn* 
■r, s i c/r/u^ 

NiFe, CoZr, JtliCoFeB, C o Z r M 
o, CoZrNb, CoZr, CoZrTa, CoH 
f , C o T a , CoTaHf, CoNbHf , CoZr 
Nb, CoHf Pd, CoTaZrNb, CoZrMo 
N i FeAISi, Iftft^TO, M n Z n 7 * 

9 -f b , Ni Zn7^7^ K MgZn7x7-f h 3&» t 

rti 

A u , Ag, C u , Mo. W, Y , Ti, Z r , Hf, 

aim, siKft*u aftr;K = !>A, mfcfv* 

>\ ^t^^F^^-^y, Au, Ag, Cu, 
Mo , W, Y, Ti, Zr, Hf, V, Nb, TaJi^ 

Au, Ag, Cu, Mo,W, Y, Ti, Zr, Hf, 

v, Nb, Ta^b*s»#, £>mm. texrjm&vo 

_bv— KJi 

NiFe, CoZr, £ fctt C o F e B , CoZrM 
o, CoZrNb, CoZr, CoZrTa, CoH 
f , CoTa, CoTaHf, CoNbHf, CoZr 
Nb, CoHf Pd, CoTaZrNb, CoZrMo 
N i -g- A, FeAISi, Hfl5j***t$k M n Z n =* 
7^ h, NiZn7x70, MgZn7x70^b 

mmm 

R, *3j:uta*» 
R, *3£tfa-&#5 
R, fei^fi^ 

Au, Ag, Cu, Mo, W, Y, Ti, Zr, Hf, 
V, Nb, TaH45»#, £gR, as^t^a^W 



CoCrPt, CoCr, CoPt, CoCrTa, F 
eMn, NiMn, N i SM, NiCoSftft, Fe 
$Mfc4£>, N i F egtfttt, IrMn, PtMn, PtP 
d M n , ReMn, C o m "7 h , Ba^^^^h^ 

• s*/Tife/i/^ y y r^x@^^/@^-r 

• i#/T*i/7y -s/^y ri/S2MRxy/N 

• &w/TtfcM/7 y — s/s i mr^w^^jh/^ 

• Stt/TJfcJl/fflS"*- 5S/i^l/^ y rg/7 y 
^i//^ y th/;? y 

MRx>/N^i/7 y — B/ffcSS 

y ri/i 2MRxy/N^i/7 y —a/ 

R. &*4feR, *fctt*«R*:JIH*<5. T 
a, Hf, Zr,W, Cr, T i , Mo, Pt, Ni, 
Ir, Cu, Ag, Co, Zn, R u , Rh, Re, A 
u, Os, Pd, Nb, Vis^t^Cixbott^oK^* 
fcSt^r*«ft», a»fc*6*JiR, «-fr*R, *fc«t* 

IMffl^Sc SSJP5c*^br, Ta, Hf, Zr, 
W, Cr, T i , Mo, Pt, Ni, Ir, Cu, A 
g, Co, Zn, Ru, Rh, Re, Au, Os, P 

d, Nb, v&m\<^z>^thx$ z> a T»JB«tfli^fcv> 

[0 0 6 1 ] 7 y — S £ LTtt, NiFe, C o F e , 
NiFeCo, FeCo, CoFeB, CoZrMo, 
CoZrNb, CoZr, CoZrTa, CoHf, C 
oTa, CoTaHf, CoNbHf, CoZrNb, 
CoHf Pd, CoTaZrNb, CoZrMoNi^ 

[0062] /<vrmt it^, mtfy), m<tvo. mt 
/mum 2 mm* a*/ m<tmtmimt<om^m) 

2»R, iSrffll/^, Ti, V, Cr, Co, Cu, Z 
n, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, 
Ag, Hf, Ta,W, Re, Os, Ir, Pt, A 
u, Si, A 1 , Ti, Ta, Pt, Ni, Co, R 
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^tl^il^Ti, V, Cr, Co, Cu, Zn, 
Y , Z r , Nb, Mo, T c , R u, Rh, Pd, A 
g, Hf, T a , W, Re, O s , I r , P t , Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 

[0 0 6 3 ] 1 1 3S£Tim 2MR JLl/^lsxmt Ltl^ 
Co, NiFeCo, FeCo^, SfcliCoFeB, 
CoZrMo, CoZrNb, CoZr, CoZrT 
a, CoHf, CoTa, CoTaHf, CoNbH 

f, CoZrNb, CoHfPd, CoTaZrNb, 
C o Z r Mo N i &&l£fz\$T^/U7T X&mtm&m 

(Cit^T^^PMRit^M&T-r^)^, ^fc^ffttf^Si 

[0 0 6 4 ] ITIi , Co, N i , F e 3:^— 

x\z-f £fctifflSJBi& 
ffil/^o Co, Ni, F e — ^ tC~t*<5 ^ — h 
£fcti»JlJg£, Ti, V, Cr, c 

0, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta,W, Re, O s , I 
r, Pt,Au, Si, Al, Ti, Ta, Pt, N 

1, Co, Re, V ^-^^tS^/^-^^b^^ 

ffl^s^ t t>»rirc*>s. 

[0 0 6 5] Ir^Cli, Co/Ru/Co, CoFe 
/Ru/CoFe, C o F e N i /R u/C o F e N 
i, Co/Cr/Co, CoFe/Cr/CoFe, C 
oFeNi/Cr/CoFeNi tt^ftttW'CfcSo 
£ LTti, FeMn, NiMn, IrMn, 
RhMn, PtPdMn, ReMn, PtMn, PtC 
rMn, CrMn, CrAl, TbCo, Ni», 
FeSftft, Niftt^CoittOg^, Nii 
<k»tFeSMk*oa*Kj, NiMft/Co»^2 
JIJR, Nig?M/FeS«2i^ CoCr, Co 
CrPt, CoCrTa, PtCo^if^ffl^Sl^^ 
T*£6 0 PtMnt)l<iiPtMnCTi, V, Cr, 
Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, R 
u, Rh, Pd, Ag, Hf, T a , W, Re, Os, 

Ir, Pt, Au, Si, Al, Ti, Ta SrjgjQ L/t 

[0 0 6 6 ] fMM£ LTti, ®Ht*>, SUfctt, 

HJS, ^^5o Ti, V, Cr, Co, Cu, Zn, 
Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, A 

g, Hf, Ta,W, Re, Os, Ir, Pt, Au, 
Si, Al, Ti, Ta, Pt, Ni, Co, Re, V 



ti^iXb^Ti, V, Cr, Co, Cu, Zn, Y, Z 
r, Nb, Mo, Tc, Ru, Rh, Pd, Ag, H 
f, Ta, W, Re, Os, Ir, Pt, Au, Si, 
Al, Ti, Ta, Pt, Ni, Co, Re, V £>&ffc 

[0 0 6 7 ] B7a»fcBi i^ft»«Sr^Lfc# 

3fto*^y FO«*Wftf?ja^JHSr«-r. Hi 2 (A) 
- (I) ti, BrCiSLt5litth^j(**f2 0 
^fiK¥«<z>«T*>S. ifi4 0±lcTv--/uKl, T 

[0068] ^coic^fy^PR^Mt, S£/*>r 

h^*/M*£*-? (MTJ) , iii9«llf:t 

[0 0 6 9 ] — 013 (A) - (H) ti, 02 {C^ 

HPt>, I#4 0J:l;T^Kl, Ttt2, 3£E£ 
teh^/Mfrfr (mtj) 20, ±«* 9 &\WlkMl$rt 

s y y^lfciCPR^Mt^o 
[0 0 7 0 ] Hlc, pr«:ML, «^>rr^«*rj«JBI 

^/M^^^/u^y (cmp) K J: 0 J6KJI 8 

*, H14 (A) - (H) ti, HI 3{C^Lfc5i«5tt h> 

[0 0 7 1 ] gp^, g#4 oit:T^ K i , Tit 

2, SWtth^/Hfrfr (MTJ) 2 0^IftMt 

3, ^COjitC^x^^/UP R^rMt, /<y7l5St- 

Kb, y 7 h*:7-f Mtc, pr»u *fe^/l2; 

[0 0 7 2 ] W, H4 lc^£*iT<^£ AttWcjfctfSK 
3o X, 1215 (A) ~ (F) ti, m 5 IC^Lfc^te 

h 2 0 Offrtf m^w-cfcs. gp-fe>, £ 

-& (MT J ) 2 0, #ffiffflffl}/I 1 1 , T*JI 7 £r 

y ^ ht7t^ 0 

[0 0 7 3 ] X, ***ffi|ic»l^Ttt, T«*3&*»ffl"f 



9 



4 2_b(C*?£^s/ K4 5 %«i4 3, a ^^4 1 , _b 

[ 0 0 7 4 ] ^<75|K±«^— ^ K«£T««tt«£*r* 
atLtt, BUfcRtf Tta>*fc>*i^ ceo— $/ KtcJ: 

[ 0 0 7 5 ] Hi 7 «*»KO«»lg:«:»a*^S:^l^ 
fc««13*f?*3B«6 OWjfciBtkfi. — y 

LT??££*T9 0 E»JSCf*5 3HCHHKL, ^s>K:*7>f 
^-ttlB»»Ett5 3^M, 0. 2 iim^T^iS^, *> 

t? , 1 ttlEftSM* 5 3 MIES $ W 

{f#£r, t^Biitff 5 4 3&^R^8S : i Ot»$ 5tt 
«fcR5£3JT,SOT*><5 0 
[0 0 7 6] l^Tl:, «Si:ff^l681f 

^ Itij:, Ta (3nm) /Pt46Mn 5 4 (25n 
m)/Co90FelO (5) /Ru (0. 9) /Co 
90FelO (5) /Al &ffc4fc (2nm) / C o 9 0 
FelO (2nm) /Ni82Fel8/ (8) /Ta 
( 3 nm) SrJflt^fcLo 

[0 0 7 7 ] ««J*«fc:Mc2 5 0C, 5 i*m 

irttit*-*- 5 5 0 0 O e <7>S&#£ff 
JjDlooffot, K*«j»r6***fc LTJ4EAT 

1 0 ^ mHJBLfcfc^fcttflJLfc. 
[0 0 7 8 ] Tv'"^ KS"'J¥* 1 m mCOC o 6 5 N i 
1 2 F e 2 3 (fifiKJi a t %, IS) 
Ttll-Ta (5nm) /Au( 60nm) /Ta 

IfV^VUNo: 12 3 



W*fcti*(mV) : 0 0 0 

[0 0 8 3] JK#/tt*£tt2 5 OC, 5B#^CO^M3®^ 
ja«ft^«J|li:Wtit*-#-5*rti«c 5 0 0O e G0E£#£rEP 

<7>Srffll^ 0 h V'^UK'&JR Ta (3nm)/Pt 
46Mn 5 4 (25nm) /Co 90F e 1 0 (5)/ 
Ru (0. 9)/Co90Fel0 (5) /Al KffcWl 



( 5 n m) 

iltl-Ta (5nm) /Au( 60nm) /Ta 
( 5 n in) 

Jbv— ^ KJB-"ff* 1 ju mOC o89Zr4Ta4Cr 
3 

*fe,»*-J¥S 2 0 nm07/Kt 

jft'*>f T^M-'C x (I0nm)/Co74. 5Crl 
0. 5 P t 1 5 ( 3 6 3 6 nm) 

ceo— ^ K*H 1 6 co J: 5 KM JO 

IJ3J;^7^ML, CoCrTa^l^cf- 

J@J3 2 /u m£ Lfco 
[0 0 7 9 ] y K«0 3-f;H|Sftrt#«)7* 

h hSHfclSl* 2 5 0<C, 2P#fffl£L7t t> ^(7)1 

SM«fc 19 £ # IpJStIpI l^rv^ft niift 

y KB$*3j;0<lB»^s> K*Bf^fiJtH*T«Jc, 2 0 0°C, 5 

[0080] r o*«s»*&sm i57y-i 
jMfca^ofcio iiE^fMSc^JKMSs^Ti ofio— ^ k& 

Mtfc, ift©ft«*li3. OkOe, MrTliO. 
c5 5 m e m u 

[0 0 8 1 ] S£W;*?h* 3. lmV^^^Pt^t 
BtlilA^l^^^ntfcofc, Sot, -ixKirL 

v m* vm&mt 7 v -m ttmfcisX^z ^ t&t>j>> 

[0 0 8 2 ] 

456 7 8910 



0 0 0 3. 1 0 0 0.4 

(2nm)/Co90Fel0 ( 2 nm) /N i 8 2 F 
el8/ (8) /Ta (3nm) 

[0 0 8 4 ] m&>~m£ Zm<DT/is^ y ^iC7;Kt 
«rlO/imaSlfctO«:«ffl. 

TV- /L- KJi-"ff£ 1 W m(^C o65Nil2Fe23 

TtSI"'Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 



- 10 - 



itM-Ta (5nm) /Au( 6 0 n m) /Ta 
( 5 n m) 

Jiv— fU \?m-m$ 1 At mCDC o89Zr4Ta4Cr 
3 

( 1 0 nm) /C o 7 4 . 5Crl 
0. 5 P t 1 5 (36 nm) 

JiBSJB-fcL 

CCD^y K4rHl60i5 fclB»W£— frays' KfcM 
I^oil^y^^DIl, CoCrTa*«#±^f- 

[0 0 8 5 ] £<7>B», h 9 y^fiS 3 u m, « 

s> KadS^tflM^y FH5MHTi^, 2 0 0t 5 
OOOeMf 1 WIH^XSSjRiaaSrff ofc. 
[0 0 8 6 ] r ^ilSMIl: J: 6 7 0 

(1) tv^/;!/- ^A*>4§£- 

ifV^/UNo : 1 2 3 4 5 
W£fcti2?(]nV) : 2.8 0 2. 9 3. 0 0. 

(2) -tf-V^/l^/U— ^B(7>#^ 
If-^/UNo : 1 2 3 4 5 

S^ffi^(mV) : 3.1 0 3.2 2.9 3.0 

(3) &m**) (%) 

(??£fcti;*2. 8mV^±) 10 

[0089] iMt{:»2 5ot, smmomtim* 

*JK^*ff 4:ttitt2*-t-S*|pllc 5 o oo e <7>}&#£EP 

h ^/M£-&]R T a ( 3 nm) /N i 8 2 F e 1 8 
/ (8) /Co90FelO (5) /Ru (0. 9) X 
Co90FelO (5) /Al (2 n m) /C o 

90Fel0 (2 nm) /P t 4 6Mn 5 4 (2 5 n 
m) /T a ( 3 nm) Sr«ffi 0 

[0 0 9 0] 2m(D7^fj/^ il^Ty^t 

& 1 0 a m^/1 L£:t>£>£:tt>Eo 

T^-/^ KJi"-ff£ 1 w mCOC o65Nil2Fe23 

T«*Jl"-Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 



Wo*a£*fS]^(DlHi|stt, BMfcttl*a>fcrafcAr CRISIS 
0. 35memu/cm 2 £ Lfc 0 h V 

y v^ict 5'^— yfttr, ^yrio 

JiOCo90Fel0 ( 2 nm) /N i 8 2 F e 1 8/ 
(8) /Ta (3nm) iOWTofcty^ (^V^ 

f v>f}v— a) , /<yrist, tibtAijiftft 

(2nm) /Co90FelO (2nm) /N i 8 2 F 
el8/(8)/Ta (3nm) iSr^jy^Uty 

[0 0 8 7 ] A, B^T*Ltf>»-g*t>, h^/Hj^*^ 
[0 0 8 8] ayS3Bf**:KT«w*'r d ^^>~7)V>f?)s—-f 

a is, i ofi^fy^^ 7i*f«staA^ 

2. 8mVt*#<, Btffi*i^afc*i*^70 
%-e&o*L 0 — £\ ^BCD^g^iS, 10 

6 7 8 9 10 
1 3. 2 3. 1 3. 3 2. 8 0 



6 7 8 
3.1 3.4 3.1 



9 
0 



10 
0 



7 0 8 0 

±«*JB'"Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 

_fc^— ^ K«-"ff $ 1 At m(DC o89Zr4Ta4Cr 
3 

J6*Ji-*£ 2 0 nmOT/U^ 

ft^7^B-Cr (10nm)/Co74. 5Crl 
0. 5Ptl5 (36nm) 

X&J;^* 7^^DIl, CoCrTaMiCr- 

[0 0 9 1] ^COBR, l#ji^h^5'^Btt3tfm, « 
S^ttO. 2 W m, K^iZ^ 3>*«l*2 



- 11 - 



h HJMfcXfitt 2 5 0<t, 2BI«ilfc. rcox 

ttit<»fttft< ftofc©t, n*k~> 

[0092] no*^fR^^i:6^y-Sco^ft;§a 

*lfc)&»ofc. K«:^««*B:3. OkOe, MrTii 
0 . 3 5 in e m u 

T\ i-ft;b*> A 1 Kit; 4* (2nm) /Co90Fel0 

(1) fy^i/^/cof^ 

■tf-^^A-No : 1 2 3 4 
H£fcb*(raV) : 3. 1 3.2 3. 1 2.8 

(2) 9 (%) 

2. 8mV£X±) 1 0 

[0 0 9 4 1 MW(-^2 5 0t, 5P#^(7)^M^^ 
fiS£fll*0*#^l4Dt*-t-S*-|Si^ 5 0 00 e cD^^^ffl 

b >^/MK-&JR Ta (3nm) /Pt46Mn54 
(25nm) /Co90Fel0 ( 5) /R u (0. 
9) /Co90FelO ( 5 ) / A 1 «<ffc4* ( 2 nm) 
/Co90Fel0 (2nm) /N i 8 2F e 1 8/ 
(8)/Ta (3 nm) 

[0 0 9 5 ] S#-e*2m©7^f jx^±l:7;u^t 
£ 1 0 u m^M ttt)^^ftfflo 

Tv"^^ KJB-'ff * 1 a mCOC o65Nil2Fe23 

TtiS-Ta (5nm) /Au( 60nm) /T a 
( 5 n m) 

itil-Ta (5nm) /Au( 6 0nm) /T a 
( 5 n m) 

±v—/U KJi-J5£ 1 m<OC o89Zr4Ta4Cr 
3 

IfeJIJB—ff £ 2 0 n mOT/U ^ -f 

(I0nm)/Co74. 5Crl 
0. 5Ptl5 (36nm) 

I*3^^7-Y^DXt, CoCrTa«I^il:f- 
[0 0 9 6 ] C\<D%£. *#fc*h?s>*«tit3jum, * 



(2nm) /Pt46Mn 5 4 ( 2 5 n m) /T a (3 

nm) l^^yy^tfcfy^ (-^^/i^a— ^ 
C) SrKflsLfc:. 

[0 0 9 3 ] h f ^Mt6I<7) 5 t)t± 



5 
2.4 



6 
2. 1 



7 
2.8 



8 
2.5 



9 
3. 1 



10 
2. 1 



6 0 

*&*3r+ s/T'teO. 2 w m, Wtfr&frb? y?m\$2 
h U-v^ hWftXfif* 2 5 Ot, 2P#M£Lfc 0 :oi 

s> K«*5J:OTE»^ s> K«ff«JI»T«^, 2 0 0t, 5 

[0097] r. ojtftfRfcttat^ J:^7y — jb <z>i&ft;g£ 

ttft35»ofc D fflCft«>««Att3. OkOe, Mr Tli 
0. 35memu/cm 2 t Lfc 0 :^)|, 3i«tt h V 

^^«*JBt<7>^ y ^^icjis^^-wb*, '<vrm<o 

_bcOCo90Fel0 (2nm) /N i 8 2 F e 1 8/ 
(8) /Ta (3nm) JB £>^fT o tz^ (i^V^ 

4* (2nm) /Co90Fel0 (2nm) /Ni 82 
Fel8/ (8) /Ta (3nm) JBS: S y >^ Lfc-fr 
V^A- (-frVTVl^/U- ^E) , tt;icT*l*T-t4 
fr^Ta ( 3 nm) / P t 4 6Mn 5 4 (2 5 nm)/ 
Co90Fel0 (5)/Ru (0. 9)/Co90F 
e 1 0 ( 5 ) /A 1 Kftl* (2nm) /Co90Fel 
0 (2nm) /Ni82Fel8/ (8) /Ta (3n 
m) t^T^/^-yfbtfct>'7 p ;i/ i-9->"7/uy/i,— 
7F) % HlC* ifV://UFt£tf^TT»JB*^'^ — > 

[0 0 9 8 ] D&tFE CD*^te, h ^^MS^sB^SHS 
oT^So — *\ F i VG©»* *T* i r 



- 12 - 



[0099] HtttJi, sej;tf*n*n©»*<D?»s-a ^-^FatfG^»^tt»«* (?3&<«*«i:Bia*-c 

(1) vis^/vyjir— 7T><Dm& 

^V^/P-No :1 2 3 45678 9 10 

S^ffi*(mV) : 2.9 3. 2 2. 9 2. 8 0. 2 3. 1 2. 9 3. 1 3.1 2.1 

(2) fy^^-^Eoi^ 

iJ-^^/UNo :1 23456789 10 

S^ttj'*(mV) : 3.1 2.8 2.9 3.2 3.1 2.9 3.2 3.1 2.4 0 

(3) iJ-^^A^/U— 7F<Dm& 

ih^^/I^No: 12 3 4 56789 10 
S£fcb*(mV) : 2. 1 0 0.2 2. 8 0. 1 0 3. 3 0 0. 1 0 

(4) D-f^JUif/U— ^fG<Dm^ 

i^^^yUNo :123456789 10 
H£.tti£l(mV) : 2. 8 0 0 0 0 0. 1 0. 1 0 0 0 

(s) k> (%) 

££3fc#J D E F G 

>f;u-7 tr/is—? 



(W£UJA 2. 8mVM) 1 0 

[0100lBM«i:tt2 5 0t, 5l«|HI<Ofl&tta«: 
rtK»<Dat#i:W:ilCJi!i-S*|pI«c 5 0 0Oe <7>^#£En 

h^*/^*-frJR Ta (3nm) /Pt46Mn54 

(25nm) /Co90FelO (5) /Ru (0. 

9) /Co90FelO (5) /Al Wi\YM ( 2 n m) 
/Co90FelO (2nm) /Ni82Fel8/ 
(8)/Ta (3 nm) «r«M 0 

[0101] 2mOW ^^il:7;Kt 

* 1 0 /i m81 Lfct> G0£MS/Bo 

T^-^ KJi-'-ff S 1 *z m(7)C o65Ni 12Fe23 

motto* t%; £i>T^£) *r«fffi. 

TSil"'Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 

i^ffii-Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 

_hv— /U KJi-ff £ 1 mOC o89Zr4Ta4Cr 
3 

*felgUI"-J^£ 2 0 nmcDT/Kt 
ft^U7^1-Ba7s7'f-h (50nm) 

I*5j;^7^MDIt, C o C r T a ^I#±(cf- 



80 70 20 10 

[0102] ^OBR, h 7 2x ^tltt 3 ix m, # 

hl/^hl{kllfi2 5 0t, 2«NHfcUfc 0 -*>^ 
s> K«*3 J: tf1Eft^s> KSMiTiC, 2 0 0t, 5 

[0103] z.<nmm%sMmz.&z>y v —m<r>m\^&£> 

0. 35memu/cm 2 t Lfc. SltthV 

_h<7}C o90FelO (2nm) /Ni 8 2Fel8/ 
(8) /Ta (3nm) M <D^ft o fdU" V^/U (i^^^ 

/u^/u-^h) , ^y7gtr% -t-fctofeA HMk 

4* (2nm) /Co90Fel0 (2nm) /N i 8 2 
Fel8/(8)/Ta ( 3 n m) M £ S V > V LfciJ- 
is^/ujf /U — i ) , Jf[(j«k:T»l* , Ct4 
t>%T a (3nm) / P t 4 6 M n 5 4 (2 5 nm) / 
Co90FelO (5) /Ru (0. 9)/Co90F 
e 1 0 (5) /A 1 »{t4fe (2 nm) /C o 9 0 F e 1 
0 (2nm) /Ni82Fel8/ (8) /Ta (3n 
m) -#--<T2:/^ — WfcL^iJ-^^A- Wy-?tv?>v— 



- 13 - 



[0 10 4] HRXfl <Dm&\$. h^/^^^^i [0 10 5] n£ieft, &£XM:*i*:ti<D&&<7>mkm 

(1) fy^^-^H^ 

^V^/L^No: 1 2345678 9 10 
#^tti^?(raV) : 2.4 3. 1 3. 1 3. 0 3. 3 2. 8 2. 8 2. 5 3.1 2.1 

(2) f y^^u-^ioS^ 

if^yOWIo: 1 2345678 9 10 
n±mt)(mV) : 3.0 2. 9 2. 5 3. 4 3. 1 3. 0 2. 8 2. 8 0.1 2.8 

(3) ty^u^-^jo*^ 

^V^/UNo: 12345678 9 10 

S*W^(mV) : 0 0 0.2 2.9 0.2 0.2 0 2.4 0.2 0.1 

(4) VlsrfjViftl' — ^KO|^ 

ifV^UNo : 123 45 6 789 10 

W^ffi^(mV) : 0. 1 0 0. 1 0 3. 1 0. 1 0. 1 0 0 0 

(5) &W3iK> (%) 

3**0!) H I J K 

y?v—-? jfju—^ 



W4ttl*2. 8mV^±) 10 

[0i0 6]«Wftl:tt2 5 0t SflSBH^a&teSS: 
filt«WP<D*#i:Hcil[*-rs*Hi^ 5 0 00 e <D^#£Efl 

h>*/HR-fr« Ta ( 3 nm) /P t 4 6 M n 5 4 
(25nm) /Co90FelO (5) /R u (0. 
9) /Co90FelO (5) /Al Bftfb4fc ( 2 nm) 
/Co90FelO (2nm) /Ni82Fel8/ 
(8) SHfcJHo 

[0107] 2m07Af^Jbi:T/Kt 
£ 1 0 ix mflMi L£:fc<7>*4£JB 0 

Tv-^ Kl-f J 1 mOC o65Nil2Fe23 

(fiAtta t%, £AT^C) S:«ffl 0 
~PH;fliJi"-T a (5nm) /Au( 60nm) /Ta 

( 5 n m) 

itil-Ta (5nm) /Au( 60nm) /Ta 
( 5 n m) 

±->— KJi'-ff £ 1 w mOC o89Zr4Ta4Cr 
3 

*fe»JI.-ff S 2 0 nm^T/U^t 

ffi/<-f (lOnm) /Co74. 5Crl 

0. 5 P t 1 5 (36nm) 
M«8i"'Cu ( 1 . 2 nm) 



70 80 10 10 

X£>J;U<;* CoCrTa^!K*ll:f- 
[0108] ^cogg, tS^^y^ittStfm, * 

h«ftlStt2 5 0t, 2P#P^lt 0 COX 

sic j: ^^Mnm^^^^^x^t^ix\^h^ 

Sift**^ LTjE t < ftf? L4 < &o to^ , ntk^ 
y K«5*5«tU«IE»— sx F^M^Tti:, 2 0 0t, 5 

[0109] r. <nmm&>®m\z. xzyv-m ^mt^M 

tltefr^tZo jBC#<0««Att3. OkOe, MrTIi 
0. 35memu/cm 2 £ Lfc 0 C^^, §SIfthV 

_h<DC o90Fe!0 (2nm) /Ni8 2Fel8/ 
(8) /Cu (1. 2nm) /Cr ( 1 0 n m) /Co 
74. 5Cr 10. 5Ptl5 (36nm) ^CO^-tf o 

fcij-^/u (i^^^/u^—^L) , /<«;ri*t, -r 

ftfr-hA 1 BSffcW ( 2 nm) /C o90Fel0 (2n 
m) /N i 82Fel8/ (8) /Cu ( 1 . 2nm) 
/Cr (10nm)/Co74. 5CrlO. 5Ptl 
5 (3 6nm) g^rU y/Lfct^ (fy^/ 
A'-^M) , T»JB*-e-r&*3%T a (3nm) /Pt 



- 14 - 



46Mn 5 4 ( 2 5 n m) /Co 90Fe 1 0 (5)/ 
R u (0. 9) /C o90Fel0 (5) / A 1 BMt4fel 
(2nm) /Co90Fel0 (2nm) /Ni82F 
el8/ (8) /Cu (1. 2nm)/Cr (lOn 
m)/Co74. 5Cr 10. 5Ptl5 ( 3 6 n m) 

N) , TiftJii-tv^-WKU ^bCTli^^ 
[0 1101 LMMOi^ll h^^*-fr*-¥-S:« 

(1) fy^^-^Loi^ 

f-^^^No : 1 2 3 
^^tb^(mV) : 1.9 2.9 2.9 

(2) fyy/^/^yM^ 

-tf-V^/UNo : 1 2 3 
?¥£fcii;*(mV) : 2.8 2.8 2.9 

(3) IJ-VTVU^VU— ^NO: 
IJ-^A-No: 1 2 3 

S^a*(mV) : 0.2 0 0.2 

(4) vi/^fryfr—^oto 



4 

3. 3 

4 
2.4 



1^ 
4 
0 



(5) 9 



1 2 
0 3. 1 

<%> 



3 
0. 1 



[oiiu ao^te*, *5j:w*n-e*to»*owftui 

U ^v^/u^/u— ^NXtfO^W^tt^B* same* 



5 
3.2 

5 
3.4 



6 
3. 1 

6 

3. 1 



7 
2. 8 

7 
2.8 



5 
0. 2 

5 
0 



6 
0. 2 

6 
0. 1 



7 
3. 5 



0. 1 



0. 1 

8 
0 



8 
0. 1 

8 
2.8 

9 
0. 2 



9 
2. 9 

9 
0. 1 

L0 
0. 1 



10 

2. 8 

10 
1. 8 



2.9 



10 
0 



L 



M 



N 



o 



(W£ft*2. 8mVW) 10 

[0112] ft^tte 32t f ^ h 7^ yra«s 

mmT-& 9 , f-^E^tll0mmji^4 0mm^r- 
^RffltSo #*«*JHi\ ^-^®^r# 

10 113] /hS^Vt^-^-^asfBtg 

- 7 * (si£i£ft 

[0114] 



70 70 10 20 

[■EaflDtfeRH] 

[Hi] Bili, ♦WWfcWSSiWtthV-*^**^^ 
[12 2] i2H #38Wfc:«S3fi«tt h^^S^ 
[0 3] H3tt, *»Wfc«S!l«tth>'*/H»#^y 
[0 4] H4I4, h^/M**^* 
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